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“The Battlespace Environment” 
…to the Army or Marine infantryman this means: 

  The “terrain”, the 
battlefield landscape 

  Living on the “dirt” 
  Traveling across the 
“dirt” 

  Fighting in the “dirt” 
  In Iraq this also means 

breathing the “dirt” 



“World Class Training for the Worlds Best Military” 
NTC – Ft. Irwin, CA 

 
  Iraq – warm desert 

warfare (eastern edge of Arabian 
desert) 

  Goal - training realism 

• Conflict area analogues 
• Predict physical battlespace 
environment (effect on troops/
equipment) 



Warm Desert Global Characterization 
Model 

(Hurley, et al., 2004) 

Desert Temp 
(F) 

Precip 
(in/yr) 

Dust Storm 
(freq) 

Surface Terrain Veg 

Arabian 105, 38 4 High 4% af 26%sd 27% 
p 47% br 

W 

Saharan 110, 37 < 0.3 High 1% af 28% sd 
23% p 43% br 

W 

Iranian 108, 24 4 High 26% af 19% sd 
37% p 18% br 

G 

Mojave 105, 34  1-12 
(5) 

Very Low 32% af 1% sd 
22% p 38% br 

W 

Sonoran , 32 2-16 
(2) 

Low 32% af 1% sd 
22% p 38% br 

W 

Chihuahuan 104, 27 2-12 Low 32 % af 1% sd 
22% p 38% br 

W 



Arabian Desert Conflict Area Analogues 
Checklist 

ü  Sub-tropical, arid climate 
ü  Fan/pediment systems, plains, 

exposed bedrock uplands 
ü  Aeolian landforms/processes active, 

but localized 
ü  “Key climatic factor…potential to 

produce dust” (Hurley, et al., 2004) 
ü  No seasonal dust storms 
  Playas/salt flats (sabkhas) more 

restricted or absent 

Iraq Dust Storm Satellite 

Up close and 
personal 



Particle Size Conventions 



“Key climatic factor…potential 
to produce dust” 

Atmospheric dust 
 (0.001 to ~0.01mm) 
Sand ~ 0.08mm 

Prevailing winds:  
Northeasterly trades +  
Southwesterlies  

Seasonal winds: (siroccos, kahmsin 
 shamals) + dust trajectories 

Atmospheric dust 
Cairo, Egypt  

Sirocco (spring) 

Shamal 
(summer) 

Khamsin (spring) 



Potential to Produce Dust: Critical Dust 
Source Emission Factors 

  Particle size: need source of 
fines – alluvial plains + sabkhas 

  Atmospheric dust threshold 
wind velocity increases below 
~0.0.08mm 

  “smooth” surface 



Critical Dust Source Emission 
Factors 

Surface roughness 
necessary to mobilize 
“dust”- size material 
 

< 0.03mm fraction sinks 
 “into viscid surface layer 
of air….out of reach….of 
eddies of turbulence” 
(Bagnold, 1984) 
 

Disturbance 
creates 
surface 
roughness 



“Biological setting can be 
significant, but can be considered 

less important than climate or 
physical setting in describing 

desert environments.” 

(Hurley, et al., 2004) 



Biotic Crusts: where the action is 
Cold desert crust - NV 

Warm desert 
Crust - NV 
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New York Times - August 9, 2005  

One More Affliction For Baghdad: A Day Of Blinding Dust And Grit & Breathlessness  
By James Glanz  

 

BAGHDAD, Iraq, Aug. 8 - At dawn the atmosphere glowed orange, like the embers of a fire. Objects 25 yards away disappeared, as if a 
curtain had been drawn in front of them. Baghdad residents began waking up with the sour taste of grit in their mouths and a film of dust on 
their furniture and clothing, and by 8 a.m. Nireen Abdul Khalek began to feel that she could not breathe. Five hours later, Ms. Khalek, 24, 
stood amid the pandemonium in the emergency room at Yarmouk Hospital, one of Baghdad's largest, where at least 500 patients had been 
admitted with respiratory ailments brought on by a blinding dust storm that many residents said was the most vicious they had seen in years. 
"This time is the worst ever," whimpered Ms. Khalek, as she sporadically administered drugs to herself with a syringe that overwhelmed 
doctors had taped to her wrist. Ebaa Mahmood Sabri, a doctor working in the emergency room at the hospital, said nearly all the cases 
involved people with asthma, bronchitis or chest infections who were having difficulty breathing in the dust. He said he believed that two or 
three patients were dead on arrival, but in the chaos of the emergency room the number could not be immediately confirmed. "This day is 
disaster," Dr. Sabri said in English. The storm shut down the Baghdad airport, closed shops across the city and forced the postponement of  

Mice exposed to WTC dust showed only moderate pulmonary inflammation but marked bronchial hyper-reactivity. Evaluation of 10,116 
firefighters showed exposure-related increases in cough and bronchial hyper-reactivity……. In summary, environmental exposures after the 
WTC disaster were associated with significant adverse effects on health. CENTRAL ASIA: Aral Sea crisis continues to erode health 

ANKARA, 26 Jul 2006 (IRIN) - Millions of people living near the 
Aral Sea face a bleak future, with health experts saying diseases like 
tuberculosis (TB) and cancer are having a terrible impact. 
 
The sea, located on the border of Kazakhstan and Uzbekistan, was 
once the fourth largest lake in the world. However, it continues to 
shrink despite regional commitments to halt the draining of the rivers 
that feed it. It is now a quarter of its original size. 
 
Over the last 40 years an estimated 45 million mt of salt-contaminated 
dust has been created due to the shrinking, resulting in massive health 
problems that affect millions of people, experts say.  
 
In 1994, the governments of Kazakhstan, Kyrgyzstan, Tajikistan, 
Turkmenistan and Uzbekistan established the International Fund for 

Saving the Aral Sea (IFAS) to address the environmental impact.  
 
Usman Buranov, IFAS' technical director of the Global Environment Facility (GEF) projects, said that the 
health problems in the region were related to the low quality of drinking water. 
 
He said agriculture and cattle breeding around the sea were less productive, unemployment was climbing and 
certain diseases were more prevalent. 
 
The polluted air around the sea contained a toxic cocktail of salt, pesticides and chemicals that contaminated 
drinking water and led to liver and kidney illnesses, as well as a variety of respiratory diseases.  
 

 
©  David Swanson/IRIN 

Scores of ships remain stranded in the 
Aral Sea, once the fourth largest lake in 
the world 



The Health Effects of Dusts 
  Some aspects have been well known for decades 

•  General effects of industrial / commercial asbestos 
•  Silicosis (hard rock mining) 
•  Black lung (coal mining) 

  New issues and problems are arising 
•  Effects of mineral dust (ie, trace asbestos) 
•  Valley fever (Coccidioidomycosis) 
•  Trans-oceanic dust transport 

Photo courtesy of Dr. Tony Ladson, Civil Engineering,  
Monash University, Clayton, Victoria, Australia 



Wind Velocity 
 & Airborne Dust 

10 m/s = 1968 ft/min = 22 mph 
16 m/s = 3149 ft/min = 36 mph 



Dust Exposure 





CENTCOM DUST: WHY IS IT IMPORTANT!  
v Force Health Protection Issues 

v Contains Heavy Metals 
v Harbors Pathogens 
v High Percentage in Respirable Range 

Exposure Issues 
Ø Contact 
Ø Ingestion 
Ø Inhalation 

CBD Issues 
Ø Detection 
Ø Analysis 
Ø Contamination 



Particle Dynamics 
Physical / Chemical Characteristics 

ü Widespread 
Distribution 

ü Hygroscopic 
ü  Respirable 
ü  Easily Airborne 
ü Non-clumping 
ü  Bio-carrier 



<40 um 
>120 um 



Human Lung Airways 
Image reconstructed from high 
resolution CT scan. Courtesy of  
Dr. Rod Clinkenbeard, University of 
Oklahoma 

Moss, O. R. and Oldham, M. J. (2006). 
Dosimetry counts: Molecular 
hypersensitivity may not drive pulmonary 
hyperresponsiveness. J. Aerosol Med. 
19(4), 555-564. 
 



Normal bronchiole  Constrictive bronchiolitis 



TSP (Total Suspended Particle Mass) (mg/m3) PM10 (10 um) and below 
 = 0.001 mg/m3  (NIDBR Lab, Great Lakes, IL) 
 = 0.137 mg/m3  (Camp Virginia Clinic, Kuwait - indoors) 
 = 2.469 mg/m3  (Highest hourly average @1300) 
 = 9.114 mg/m3  (Highest TSP reading -18 June@1300) 
 = 2.051 mg/m3  (Highest daily maximum - 13 June) 
 * NOTE: >9.999 mg/m3 readings recorded during peak dust storms 

 

 Count (Total Number of Suspended PM 10 Particles /m3)  
Size Range = 0.5 um to 10 um  

 = 1,314,906  (NIDBR Lab, Great Lakes, IL) 
 = 12,290,917  (Camp Virginia Clinic, Kuwait - indoors) 
 = 107,261,167  (Highest average hourly maximum @1300) (SD = 54,959,015) 
 = 588,633,693  (Highest daily maximum – 18 June@1300) 
 = 127,643,273  (Highest avg daily (0700-1900) max 13 June) (SD = 34,311,341) 
 * NOTE: >20,000,000 counts /ft3 readings recorded during peak dust storms or >706,293,334 particles per 
cubic meter. 

 

Size Range = 5.0 um to 10 um  
 = 36,515  (NIDBR Lab, Great Lakes, IL) 
 = 507,824  (Camp Virginia Clinic, Kuwait - indoors) 
 = 6,884,417  (Highest average hourly maximum @1300) (SD = 4,142,586) 
 = 44,571,347  (Highest daily maximum - 18 June @1300) 
 = 5,244,651  (Highest average daily maximum - 13 June) (SD = 3,632,501) 

Summary of Exposure 



Chemical 
Analysis: 

 Heavy Metals 

Acid Extractables 
Tent 1 

Sample >120um >90um > 63um >44um >20um <20um
Mass 0.2627 0.2596 0.2488 0.2626 0.2441 0.2504

Element % dry wt %dry wt %dry wt %dry wt %dry wt %dry wt
Sr 0.0697 0.0642 0.0995 0.1978 0.2718 0.2436
Ba 0.0068 0.0072 0.0081 0.0192 0.0308 0.0463
P 0.0160 0.0170 0.0234 0.0433 0.0549 0.0649
S 2.4413 2.4230 3.0444 4.0062 3.6646 3.0458

Mg 0.6844 0.8718 1.2672 1.5505 1.7234 1.7784
V 0.0022 0.0026 0.0032 0.0041 0.0046 0.0049
Na 0.1759 0.1963 0.1672 0.2056 0.2123 0.2225
Al 0.2969 0.3832 0.4948 0.6351 0.7164 0.7521
Ca 9.0134 10.3057 11.7495 13.9148 15.3535 16.7133
Zn 0.0053 0.0039 0.0042 0.0070 0.0112 0.0206
Cu 0.0060 0.0050 0.0036 0.0054 0.0077 0.0268
Ni 0.0089 0.0094 0.0169 0.0197 0.0305 0.0564
Y 0.0009 0.0006 0.0006 0.0007 0.0009 0.0010
K 0.0502 0.0653 0.0612 0.0942 0.1186 0.1422

Mn 0.0174 0.0222 0.0268 0.0305 0.0331 0.0352
Fe 0.3506 0.4844 0.6889 0.8419 0.9601 0.9736
Cr 0.0027 0.0032 0.0039 0.0049 0.0052 0.0052
Pb 0.0111 0.0038 0.0049 0.0056 0.0076 0.0138

EPA method is SW-846 
6010 for ICP-AES and 
6020 for ICP-MS.  EPA 
digestion method-3050. 
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average (µm) 6.4 

median (µm) 4.3 

max (µm) 46.1 

min (µm) 1.1 

Middle East Desert dust  

Centeno JC, Lyles ML, et al. unpublished results, 2011 



Desert Dust <10 µm Desert Dust 20-40 µm 

Mn (ppm) 450 331.98 
Fe (ppm) 25500 18111.61 
Co (ppm) 11.72 8.24 
Pb (ppm) 17.22 9.45 
Cu (ppm) 220 152.64 
Cd (ppm) 1.24 0.70 
Mg (ppm) 13230.49 10572.70 
Al (ppm) 15912.39 13154.60 
Ca (ppm) 139577.64 140250.15 
Na (ppm) 1098.28 1476.86 
Cr (ppm) [but species critical] 181.32 187.36 
Zn (ppm) 105.18 72.30 
Ni (ppm) 93.28 60.44 
Ti (ppm) 1095.52 539.81 

Middle East Dust – Trace Composition 

Links between selected elements and some known lung function conditions and diseases  

Cancer Emphysema  Cancer suspected Asthma Cancer & asthma 



<20 um Camp Buehring

K
0.142%

P
0.065%

Mn
0.035%

Sr
0.244%

Residual 
49.862%

CO3
19.900%

Ca
16.713% Fe

0.974%

Mg
1.778%

Al
0.752%

Other
0.883%

S
3.046%O(Sul)

6.092%

Cr
0.005%

Pb
0.014%

Zn
0.021%

Cu
0.027%

Ba
0.046%

Ni
0.056%

V
0.005%

Na
0.223%

Y
0.001%

EPA method is SW-846 6010 for ICP-AES and 
6020 for ICP-MS.  EPA digestion method, 3050. 



Chemical Analysis: Carbonates 

Tent 1
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Initial Conclusions 

Ø Cd, Se do not differentiate by site 
Ø As, Co, Ni, Cr, Pb contents show significant 

differentiation by site 
Ø Sites S127004 and S127011(site clusters 

5,6) are distinct outliers from the general 
population of sampled sites 

Ø Site clusters 4,5,6 “elevated” As, Cr 
Ø Possible Pb-Mn association 



400 of these particles can 
fit end-to-end across the 
Head of a Pin. 

800 - 1000 of these particles 
can fit on the Head of a Pin. 

<20um  Composition 

Al 
1% Ca 

17% Fe 
1% 

CO3 
20% 

Residual (Si)  
56% 

S 
3% 

Mg 
2% Summary 

-  As particle size decreases, % 
heavy metals increases. 
-  Over or near maximum 
exposure levels for many metals. 
-  Significant daily loading of 
trace metals possible.  



Microbiological Study of Micro-particulates 

Sixth Plague of Egypt – “Murrain of 
beasts” Exodus 9:6    

 
Sixth Plague of Egypt – “And it shall 

become small dust in all the land of 
Egypt, and shall be a boil breaking 
forth [with] blains upon man, and 
upon beast, throughout all the land 
of Egypt”. Exodus 9:10 

 
25 BC: Poet Virgil 

-  The Iliad (Homer) “the burning 
wing of plague…” 

-  Middle Ages: European 
pandemic “Black Bane” killed 
60,000 cattle.  



Bacteria 

Fungi 

~4um ~1um 



Culturettes 
~32 samples X 6 types of Culturettes = ~192 Culturettes 

Black  Aerobic & Anaerobic with Charcoal 

Blue  Aerobic & Anaerobic without Charcoal 

Green  Industrial quality control 

Mico  Fungi 

Yellow  Chlamydia 

Green  Virus 

 

Stored at 30C 

~32 samples X 4 types of Culturettes = ~128 Culturettes 



Microbial Isolation and Characterizations 
B-D Culturette 

Anaerobic 
Sheeps’ Blood 

Agar 

Aerobic 
Sheeps’ Blood 

Agar 

McConkey’s 
Agar 

Mycosel Agar Sabouraud 
Dextrose Agar 

Trypticase 
Soy Broth 
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1.  Cryopreservation 
2.  Microscopic characterization 

Morphology 
Gram stain 

3.  TLFAME 
  Principal Component analysis 
  MIDI 
       CLIN 40 
       TSB 
  Sentinel 

4.  16 S rDNA sequence 

5.  B-D Crystal 

6.  Mueller-Hinton II antibiotic sensitivity 

Thioglycolate 
Broth 

   ~128 Culturettes 

      x 7  Media types 

   ~896 Enrichments 



Best ID thus Far Comment

Neisseria meningiditis meningitis
Staphylococcus aureus cystic fibrosis
Bacillus circulans gastro-enteritis
Pantoea agglomerans septic arthritis
Pseudomonas agrici
Ralstonia paucula opportunist-septicemia, peritonitis, abscesses
Staphylococcus pasteuri various infections
Arthrobacter crystallopoietes
Pseudomonas balearica cystic fibrosis
Paenibacillus thiaminolyticus bacteremia
Bacillus vedderi obligate alkaliphile
Bacillus subtilis
Pantoea agglomerans epiphyte
Pseudomonas pseudoalcaligenes
Cryptococcus albidus septicemia and meningitis
Bacillus clausii Oral bacteriotherapy
Kurthia gibsonii Diarrhea
Bacillus firmus alkaliphile; bread spoilage
Staphylococcus kloosii various infections
Bacillus mojavensis biosurfactant
Bacillus licheniformis food poisoning
Pseudomonas oryzihabitans Hickman catherter biofilm

Summary of Soil Isolates  



Culturettes 
Isolates of Concern - Hemolytic 

Isolate 
NumberLocation Culturette Hemolytic 16S Match CLIN 40 Match Sentinel Match TSB Match

56 Kuwait 2 Blue Beta Submitted Legionella vjordanis 0.16 Microbacterium luteolum 0.25 Microbacterium-liquefaciens* 0.42

69 Kuwait 2 Black Beta Submitted Micrococcus luteus GC subgroup A*0.80 Arthrobacter luteolus 0.49 Arthrobacter-atrocyaneus 0.69

70 Kuwait 2 Blue Beta Submitted Micrococcus luteus C subgroup A*0.81 Arthrobacter luteolus 0.54 Arthrobacter-atrocyaneus 0.68

72 Kuwait 2 Blue Beta Submitted Tatlockia micdadei* 0.26 Arthrobacter oxydans 0.04 NO MATCH

I-10 Udari Orange Alpha Pantoea agglomerans 0.95 Neisseria cinera 0.20 Providencia rettgeri 0.02 Ewingella americana 0.78

I-11 Udari Blue Alpha Pseudomonas agrici 0.01 No data No data Pseudomonas stutzeri 0.90

I-17 Udari Black Alpha/Beta Paenibacillus thiaminolyticus 0.03 No data No data Paenibacillus thiaminolyticus 0.53

I-18 Udari Orange Beta Submitted  Bacillus subtilis 0.52 Bacillus subtilis 0.90

I19 Udari Blue Beta/Alpha Bacillus subtillis subtillis 0.00 No data No data Bacillus subtilis 0.92

I-20 Udari Green Alpha Pantoea agglomerans 0.01 Pantoea aggomerans 0.62 Ralstonia paucula 0.27 Pantoea agglomerans 0.82

I-30 Tallil AB Orange Beta Bacillus mojavensis 0.00 Bacillus subtilis 0.42 No Match Bacillus atrophaeus 0.87

I-31 Tallil AB Blue Beta Bacillus licheniformis 0.02 No data No data Bacillus licheniformis 0.61

I-32 Tallil AB Green Beta Flavimonas oryzihabitans 0.00 No data No data No data

TLFAME
Genus and Species Identification



Antibiotic Sensitivity  

Beta Hemolytic Isolate Number 69 



Bacteria Isolated from Kuwait and Iraq that have 
Shown Antibiotic Resistance.  



~300 bp of D2 region of LSU rDNA 

Fungal Isolates 

Microseq	  Library	  database
Midi	  D2(300	  bp)LSU	  rRNA	  sequ.%	  diff LSU	  D2	  Genbank	  Database %	  ID Associated	  Disease

Allewia eureka 0.31 Ulocladium sp. 99
Allewia eureka 4.64 Cryptococcus uzbekistanensis 100
Allewia eureka 0.31 Ulocladium sp. 99 Unknown
Altemaria altemata 0 Alternaria sp 100 Plant pathogen
Rhodotorula minuata 5.73 Rhodotorula minuata 99 Eye infections
Cryptococcus albidus 2.44 Cryptococcus sp. 100 Cryptococcus neoformans - meningoencephalitis
Ulocladium chartarum 0.31 Stemphylium sp 99 Fungal biocontrol agent
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100 Teleomorph of Crytococcus, non pathogenic yeast
Ulocladium consortiale 0 Stemphylium sp 100 Cutaneous mycoses
Ulocladium chartarum 0.31 Stemphylium sp 99
Mortierella polycephala 7.1 Mortierella polycephala 92 Pulmonary mycosis in cattle
Embellisia chlamydospora 0 Ulocladium sp. 99 Unknown
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Penicillium camembertii 0 Penicillium sp. 100
Cryptococcus albidus 0 Cryptococcus albidus 100
Allewia eureka 0.31 Ulocladium sp. 99
Embellisia chlamydospora 0 Ulocladium sp. 99
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Embellisia chlamydospora 0 Ulocladium sp. 99
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Penicillium camembertii 0 Penicillium sp. 100
Allewia eureka 0.31 Ulocladium sp. 99 Plant pathogen
Phoma glomerata 0 Phoma herbarum 99



N0. Site Hemolysis MIDI @ DE Similarity MIDI @ MS Similarity MIDI @ MS Similarity Best ID thus Far
on Blood agar Environmental Index CLIN 40 Index Sentenial Index % Difference

Database ID Database ID Database ID

2 Babylon No Pseudomonas stutzeri 0.597 Pseudomonas stutzeri 0.503 Neisseria meningitis 0.357 Neisseria meningitis 
Neisseria meningitis 0.29
Neisseria cinerea 0.29

5 Babylon No Staphylococcus epidermidis 0.827 Staphylococcus aureus 0.676 Staphylococcus aureus 0.609 Staphylococcus aureus
Staphylococcus epidermidis 0.78 Staphylococcus warneri 0.596 Staphyloccoccus epiderimidis 0.576
Staphylococcus capitis 0.753 Staphylococcus aureus 0.569 Staphyloccoccus hominis 0.497

8 Babylon No Bacillus circulans 0.61 No match/Too dilute N/A No match Bacillus circulans

9 Udairi Alpha hemolysisNot sent to MIDI N/A Not Extracted N/A None

10 Udairi Alpha hemolysisEwingella americana 0.778 Neisseria cinera 0.204 Providencia rettgeri 0.023 Pantoea agglomerans 0.95% Species Pantoea agglomerans 
Salmonella typhimurium 0.592 Aeromonas veronii 0.175 Arcobacter skirrowii 0.018
Pantoea agglomerans 0.568 Neisseria cinera 0.169 Erwinia amylovora 0.017

11 Udairi Alpha hemolysisPseudomonas stutzeri 0.896 Not Extracted N/A Pseudomonas agrici 1.34% Genus Pseudomonas agrici
Pseudomonas balearica 0.659
Pseudomonas resinovorans 0.584

12 Udairi No Not growing when others sent offN/A Vibrio alginolyticus 0.366 Ralstonia paucula 0.127 Ralstonia paucula
Aeromonas hydrophilia 0.366 Erwinia mallotivora 0.103
Neisseria mucosa 0.335 Ralstonia basilensis 0.1

14 Udairi No Not growing when others sent offN/A Staphyloccoccus epiderimidis 0.419 Staphylococcus pasteuri 0.207 Staphylococcus pasteuri
Staphylococcus caprae 0.185
Staphylococcus warneri 0.135

15 Udairi No Virgibacillus pantothenticus 0.677 Bacillus coagulans 0.432 Arthrobacter atrocyaneus 0.414 Arthrobacter crystallopoietes 0.00% Species Arthrobacter crystallopoietes
Micrococcus luteus 0.499 Dermobacter hominis 0.327 Agromyces ramosus 0.283
Bacillus atropheus 0.477 Kocuria-varians(Micrococcus) 0.316

16 Udairi No Staphylococcus warneri 0.881 Pseudomonas stutzeri 0.44 Pseudomonas balearica 0.097 Pseudomonas balearica
Staphylococcus epidermidis 0.754 N/A N/A
Staphylococcus epidermidis 0.61 N/A N/A

17 Udairi Beta/Alpha Paenibacillus thiaminolyticus0.534 Not Extracted N/A Paenibacillus thiaminolyticus 2.97% Genus Paenibacillus  thiaminolyticus
Bacillus atrophaeus 0.464

18 Udairi Beta hemolyticBacillus subtilis 0.901 Bacillus subtilis 0.52 Bacillus vedderi 0.656 Bacillus vedderi
Bacillus atrophaeus 0.697 N/A N/A Bacillus mojavensis 0.642

Bacillus atrophaeus 0.471
19 Udairi Beta/Alpha Bacillus subtilis 0.918 Not Extracted N/A Bacillus subtilliss subtillis 0.00% Species Bacillus subtilliss subtillis

Bacillus atrophaeus 0.667

20 Udairi alpha hemolyticPantoea agglomerans 0.82 Pantoe aggomerans 0.623 Ralstonia paucula 0.274 Pantoea agglomerans 0.85% Species Pantoea agglomerans
Pantoea agglomerans 0.711 Aeromonas hydrophilia 0.386 Buttiauxella gaviniae 0.175
Salmonella typhimurium 0.683 Ralstonia basilensis 0.166

21 Udairi No Not sent to MIDI N/A Not Extracted N/A Pseudomonas pseudoalcaligenes 0.77% Species Pseudomonas pseudoalcaligenes

22 Udairi No Crytococcus albidus 0.89 Not Extracted N/A Cryptococcus albidus 0.00% Cryptococcus albidus
Cryptococcus neoformans 0.888

23 Udairi No Bacillus alcalophilus 0.432 Bacillus licheniformis 0.58 Bacillus clausii 0.079 Bacillus clausii
Bacillus pumilis 0.396 N/A N/A
Bacilllus clausii 0.353 N/A N/A

25 Tallil AirbaseNo Not sent to MIDI N/A Not Extracted N/A Kurthia gibsonii 0.061 Kurthia gibsonii
Salibacillus marismortui 0.059
Bacillus infurnus 0.05

26 Tallil AirbaseNo Bacillus (no 16S match to known species)0.831 Micrococcus lylae 0.359 Bacillus firmus 1.87% Genus Bacillus  firmus
Arthrobacter viscosus 0.546 Bacillus licheniformis 0.223

29 Tallil AirbaseNo Staphyloccus epidermidis 0.917 Staphylococcus kloosii 0.639 Agromyces rhizosphaerae 0.011 Staphylococcus kloosii
Staphyloccus epidermidis 0.78 Staphylococcus haemolyticus 0.513
Staphyloccus epidermidis 0.779 Staphylococcus capitis-urealyticus0.464

30 Tallil AirbaseBeta on blood Bacillus atrophaeus 0.872 Bacillus subtilis 0.422 No Match Bacillus mojavensis 0.00% Species Bacillus mojavensis
Bacillus subtilis 0.703 N/A N/A

31 Tallil AirbaseSee #29 and #30Bacillus lichemiformis 0.612 Not Extracted N/A Bacillus licheniformis 1.87% Genus Bacillus licheniformis 
Bacillus pumilus 0.605
Bacillus subtilis 0.432

32 Tallil AirbaseSee #29 and #30Not sent to MIDI N/A Not Extracted N/A Flavimonas oryzihabitans 0.10% Species Flavimonas oryzihabitans 

MIDI 500 bp rDNA sequnce analysis

Microbiology Summary 



Dust – Pad 15 PM10-20 

Agar Enrichments – Comparison of media/methods 
Chocolate  Sheeps’ Red Cell Trypticase Soy  
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Dust  
Particle size – media comparisons 

Chocolate  Sheeps’ Red Cell Trypticase Soy  
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Kuwait dust, Camp Buehring, size fraction 10 to 20um 

This photo shows a particle that appears 
to contain numerous bacteria in its core  
rather than on its surface. Bacteria size ~1um. 
1000X with digital zoom. 

Particle edge 

Individual and grouped bacteria 

bacteria 

Virus-like particle 

bacteria 

grouped bacteria 

Sterilization Problems! 



Kuwait dust, sample #2 raw (bulk) 

1000x magnification. These images show 
large particles coated with bacteria and  
virus like particles. Each fluorescing particle 
Is a bacterium (~1um in size), group of 
bacteria or a virus-like particle 



Tent1 6A >20     14.6      3.64e11 
Bacillus cereus 0.37% (Anthracis?) 

Tent1 6A <20     44.3      1.11e12 
Bacillus cereus 0.00% (Anthracis?) 

Tent2 6B >20     0.45      1.13e10 
Bacillus circulans 0.19% 

 Description       nmol/g    cells/g 
    Sample           PLFA     biomass 

19:0 ISTD 

19:0 ISTD 

19:0 ISTD 

PLFA Biomass of Iraq Dust Samples 



Zone of hemolysis 

Sprinkle particles (> 20 µm) onto agar  

Sheeps’ Blood Agar 

Trypticase Soy 
Agar 

Low Nutrient PTYG Agar 

Many zones of hemolysis but 
very poor colony development. 

Weird and wonderful colonies 
but most were mixtures of cell 
types. 

Poor colony separation and 
fungi over grew plates after 
48 hours. 



PTYG 

TSA 

BAP 
Sonication of > 20 µm soil 
particles and streaking on agar 
plates 
 
Separation of colonies 
Differences between agars 
Fungi over-grew PTYG plates 



VIRUSES 





Summary of Scientific Results 
Ø  Approximately 147 different isolates identified to date (6 Genera by 16s DNA 

analysis). 13 alpha/beta hemolytic species have been identified and 27 fungal isolates 
have been identified (7 different Genera). Several species have shown antibiotic 
resistance. More are expected from the low nutrient studies. 

Ø  Acinetobacter spp. has been identified by FAME analysis, but species yet to be 
determined.  

Ø  We have 6 isolates of Neisseria with FAME analysis.  
Ø  A total of 54 elements were screened for with 37 different elements identified of 

which 15 are bioactive metals including Uranium. Of these the ones of greatest 
concern are: Arsenic (10 ppm), Chromium (52 ppm), Lead (138 ppm), Nickel (564 
ppm), Cobalt (10 ppm), Strontium (2700 ppm), Tin (8 ppm), Vanadium (55 ppm), 
Zinc (194 ppm), Manganese (369 ppm), Barium (327 ppm), Aluminum (9400 ppm). 

Ø  Elemental data suggests that minerals and elements tend to cluster geochemically 
within sites, and there are significant geochemical differences between some of the 
sites that seem to impact presence of specific toxic trace metals and their 
concentrations in the dust/dirt.  

Ø  Sterilization Experiments suggest an exceptional ability for microbes to survive. 
Ø  Early animal studies have suggested long term inflammation with mild to moderate 

eosinophilia. 



This is NOT sand…It’s DUST! 
§  These micro-particulates are 

composed of a porous silica core 
(crystalline metallic silica and 
amorphous silica dioxide) 
surrounded by a type of clay 
consisting of, primarily, Calcium 
Carbonate (CaCO3) and Magnesium 
Sulfate (MgSO4). 

§  The laminar nature of the clay 
coating greatly magnifies the surface 
area and contributes to the 
hygroscopic nature of the particle. 

§  The micro-particulates act as a 
protective coating and carrier for the 
micro-organisms. 



Afghanistan Dust Sample 



Afghanistan Dust Sample 





COMPARISONS 
Laboratory Comparisons of Iraqi and Ft. Irwin Dust initiated 

Light Microscopy 
Fluorescent 
Microscopy PLFAME Analysis 
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Ultrastructure Biological Structure 
Microbial Community 
Composition 
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The Problem…. 
Ø  Environmental dust from the Middle East is 
ubiquitous and human exposure is extremely high. 
 

Ø  These  particulates ARE inhabited by bacteria, 
fungi, and viruses…. And they contain a variety of 
bioaccessible metals posing a significant hazard. 
 

Ø  What are the health risks???? 
 



Recent Reports and Data.. 





New York Times, 
Monday June 20,2011  



Background 



The dirt behind the dust 
Published Date: July 10, 2009  
By Shaheen Al-Haddad,  
Staff writer, Kuwait Times 









Potential Pathophysiologies 

v Chemical 
v Respiratory distress 
v Immune suppression 
v Systemic neuropathies 
v Other ‘toxic’ symptoms 

v Biological 
v Respiratory distress and acute inflammation 
v Immune suppression with systemic bacteremia 
v Acute and chronic systemic effects including 

neurologies, cardiovascular events, autoimmune 
pathologies, etc. 




